O besity is a major public health problem in the United States and around the world. There has been a substantial increase in the prevalence of obesity globally, even in developing countries. 1 In the United States, it is estimated that more than 65% of adults are overweight, defined as having a body mass index (BMI) of 25.0 kg/m 2 or higher, with more than 30% considered obese (BMIՆ30 kg/m 2 ). Despite increased attention to this epidemic, the prevalence of obesity continues to rise. 2, 3 This increasing prevalence is of great concern because the health and economic burdens of obesity are vast. Numerous chronic diseases, including hypertension, cardiovascular disease, type 2 diabetes, osteoarthritis, and certain forms of cancer, are strongly associated with excess body weight. 4, 5 Obesity is estimated to account for nearly 10% of all medical spending in the United States. 6, 7 For these reasons, it is imperative that health care professionals be able to effectively evaluate and treat people with conditions related to overweight and obesity.
The prevalence of obesity is increasing in older adults, with an estimated 31% of those aged 60 years or older reported to be obese in [2003] [2004] . 3, 8 The increased prevalence of obesity in older adults is especially concerning given the association between obesity and impaired physical function. 9 -16 Physical function refers to a person's ability to perform basic and instrumental activities of daily living and mobility tasks. Impairments in physical function, such as the components of mobility and balance, have been linked to the development of disability. 17, 18 Analysis of recent trends has shown that obesity-related disability is on the rise, 19 reinforcing the need for a better understanding of the impact of obesity on mobility and balance.
The BMI is the most common method to quantify weight across a range of body sizes in adults. 20 The BMI is calculated by dividing an individual's weight (in kilograms) by his or her height (in meters squared). Using the BMI, individuals can be classified as underweight (Ͻ18.5 kg/m 2 ), of normal weight (18.5-24.9 kg/m 2 ), overweight (25-29.9 kg/m 2 ), class I obese (30 -34.9 kg/m 2 ), class II obese (35-39.9 kg/m 2 ), or class III obese (Ն40 kg/m 2 ). These categories of BMI were developed by the World Health Organization based on associated health risks. 21 Guidelines from the National Institutes of Health suggest this anthropometric index should be utilized in the initial assessment of overweight and obesity. 22 The BMI is an inexpensive and easyto-use clinical measure that can be administered with minimal training. 22 Health care professionals, such as physical therapists, may utilize this simple measure to screen patients and determine risks for diseases associated with obesity. Although BMI is an important indicator of body size for use in the primary care and public health domain, it is an indirect surrogate measure of adiposity and thus has several limitations. The BMI may overestimate body fat in individuals with larger muscle mass, such as athletes, and may underestimate body fat in those who have lost muscle mass (eg, older adults). 23 Furthermore, the BMI guidelines were established independent of race, age, and sex. Studies have shown these factors influence the relationship between BMI and percentage of body fat, suggesting the need for population-specific BMI classifications. 24, 25 For these reasons, it has been suggested that the BMI be used as an initial step in the determination of health risks and that this measure be used in conjunction with waist circumference and assessment for the presence of concomitant risk factors. 26 The determination of an individual's BMI may assist the clinician in the identification of risk status and consequently result in an intervention to reduce weight or disease risk. In addition to dietary restriction and behavioral therapy, exercise is a primary treatment for obesity. The public health recommendation for physical activity for adults (men and women who are healthy and 18 -65 years of age) and older adults (men and women Ն65 years of age) is a minimum of 30 minutes of moderateintensity activity on 5 days of the week (150 min/wk). 27, 28 However, there is evidence that higher levels of exercise are needed for achieving weight loss (150 -250 min/wk) and for maintaining weight loss (Ͼ250 min/wk). 29, 30 In older adults with obesity, the benefits of moderate weight loss achieved through diet and exercise include improvements in self-report and performance-based mobility and balance measures. 31 In addition, studies have shown that exercise, even in the absence of weight loss, leads to improvement in adverse health consequences associated with obesity. [32] [33] [34] In view of the widespread prevalence of obesity and the critical role of exercise and physical activity in weight loss and health risk reduction, physical therapists are well positioned to have a substantial impact on this significant public health problem. In a recent study of physical therapists' knowledge of obesity, the majority believed that identifying obesity was within their scope of practice. 35 Furthermore, most therapists recognized that exercise and diet are key components of a weight loss program. Despite these findings, the researchers concluded that physical therapists lacked the knowledge about the use of the BMI as an indicator for identifying obesity
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and estimating associated health risks. 35 To effectively manage individuals who are overweight, physical therapists must be able to utilize and interpret obesity measures.
Despite evidence relating obesity to impaired physical function, there are several limitations in the current body of research. Studies investigating the relationship between BMI and mobility have focused on individuals with severe obesity, 36, 37 and few studies have examined the relationship between BMI and balance. 38 Thus, little is known about the impact of BMI on balance and mobility across the broader continuum of weight ranges. This information would enable health care professionals to better estimate the functional consequences of excess weight. Furthermore, it is not known how commonly used clinical measures of mobility and balance are affected by BMI. This knowledge would assist physical therapists in determining whether it is necessary to alter tests and measures for patients who are obese. The purposes of this study were: (1) to assess differences in mobility and balance on self-report and performance-based measures across the spectrum of weight categories, (2) to describe how mobility and balance measures are affected by BMI, and (3) to examine other factors that might explain the association between BMI and mobility and balance.
Method Participants
This cross-sectional study examined older adults who participated in the baseline data collection of an ongoing observational study at the Claude D. Pepper Older Americans Independence Center, Pittsburgh, Pennsylvania (Nϭ120). Individuals were recruited from a research registry of older adults who previously consented to be contacted for studies of balance and mobility. Participants were included in the study if they were 65 years of age or older and had the ability to walk a minimum of a household distance with or without an assistive device and without the assistance of another person. Participants were excluded if they had any of the following conditions that might affect their safety during testing: neuromuscular disorders that impair movement, cancer with active treatment, hospitalization for a life-threatening illness or major surgery in the previous 6 months, severe pulmonary disease, chest pain with activity, or a cardiac event such as a heart attack in the previous 6 months. Body mass index data were missing on one individual; thus, 119 participants were included in the data analysis.
Body Mass Index
Height and weight were measured using a Tanita BWB-800 scale and HR-200 wall-mounted height rod.* Participants were measured while wearing indoor clothing and socks without shoes. Assistance was given to obtain the position for both height and weight measurements, including cues to stand up straight with heels against the wall for assessment of height, but measurements then were recorded in unsupported stance. Weight was recorded to the nearest tenth of a kilogram, and height was measured to the nearest tenth of a centimeter with the height rod at the top of the participant's head in midline. Height and weight measurements were used to determine BMI. Self-Report Measures of Mobility and Balance A 5-point Likert scale was used to obtain a global rating of mobility and balance for each participant. Participants were asked to rate their current level of mobility and balance as excellent, very good, good, fair, or poor. Self-report measurements of balance and mobility were collected prior to the performance-based measures so that the participants' performance on the tests would not influence their self-report. 41 In a study of older adults, the interrater reliability of this measure was determined to be high (intraclass correlation coefficient [ICC]ϭ.85-.92). 42 Participants were asked to walk in a figure-of-8 pattern around 2 cones placed 1.524 m (5 ft) apart on the floor. The number of steps taken to complete the course and the total elapsed time in seconds were measured.
Gait speed. Gait speed is a valid measure to predict health-related outcomes in older adults, including falls and disability. 43, 44 Studies of older adults who were healthy and those with disease have shown the test-retest reliability of this measure to be high (ICCϾ.90). [43] [44] [45] The GaitMat II system † was used to measure gait speed. 46 The GaitMat II consists of an approximately 4-mlong, pressure-sensitive walkway controlled by a computer system that processes the data to generate both spatial and temporal variables of walking. On either end of the 4-mlong active walkway, nearly 2 m of inactive surface was available so that acceleration and deceleration were not captured in the timed walk. Gait speed was determined by dividing the distance traversed by the time between the first and last steps (eg, switch closure) and was recorded in meters per second. After 2 practice passes, each participant completed 4 passes at his or her self-selected walking speed for data collection. The mean of the 4 passes was used as the measure of gait speed.
Timed "Up & Go" Test. The Timed "Up & Go" Test has been used as a test of basic mobility in older adults and has been shown to have high intrarater and interrater reliability (ICCϾ.90). 47, 48 For this test, the time required for each participant to stand up from a chair, walk 3 m, turn, walk back, and sit down was measured and recorded.
Six-Minute Walk Test. The 6-Minute Walk Test has been used as a measure of mobility and aerobic endurance in older adults with and without disease and has shown to be a reliable measure (ICCϾ.90). 49 Each participant was asked to walk as far as possible in 6 minutes, taking standing rest periods as needed. A straight path of 15.24 m (50 ft) was used. The total distance walked back and forth in 6 minutes was recorded. Each participant's heart rate, blood pressure, rating of perceived exertion, and signs and symptoms were monitored before and after testing.
Timed chair stands. Chair stands have been utilized as a performancebased measure of lower body function and have been shown to have good reliability in older adults (ICCϾ.80). 50 Participants were seated in a rigid chair, asked to fold their arms across their chest, and stand up straight as quickly as possible 5 times. The time to complete 5 repeated stands from the chair was recorded.
Performance-Based Measures of Balance Timed balance measures. Participants were asked to maintain their balance for up to 30 seconds under each of the following conditions: standing with eyes closed while the feet were positioned as close together as possible, tandem stance in which the heel of one foot was directly in front of and touching the toes of the other foot, and singleleg stance where the participants were asked to lift one foot off the ground and maintain their balance on the remaining leg. The first 2 tests are a modification of standard balance tests used in the Established Populations for Epidemiologic Studies of the Elderly (EPESE) project. 51 In the current study, times for each trial were extended from 10 to 30 seconds, and no support was provided to attain the test position. Interrater reliability (ICCϾ.9) and test-retest reliability (ICCϭ.7) have been demonstrated for the EPESE battery of tests. 52 In a previous study of older adults who were high functioning, change of the reliability coefficient of single-leg stance was shown to be . 69. 50 Postural responses. The postural stress test was used to test postural responses to a destabilizing force applied manually by an examiner in 3 different directions (posteriorly, right, and left). Previous research has shown that older adults classified as "fallers" score lower on postural response tests compared with older "nonfallers" and young adults. 53 The ability of the participants to remain upright and their response when nudged at the pelvis in various directions were graded. The response was graded using the following scale: 0ϭresponds (single step); 1ϭ responds (multiple steps); 2ϭ responds but requires support to stabilize; and 3ϭno obvious response, individual must be supported. The responses to 6 perturbations, 2 in each of the 3 directions, were totaled, with higher scores indicating greater impairment.
Narrow walk test. As previously described by Bandinelli et al, 54 participants were asked to walk a distance of 4 m at their usual walking pace within a 15-cm-wide path marked on the floor with tape. The time taken to complete the task was recorded. The number of deviations from the 15-cm-wide path was also recorded. Individuals who could not complete the test independently, or who stepped outside the walkway more than 10 times, were classified as "unable." The test-retest reliability of this measure (ICCϭ.76) has been demonstrated in a sample of older adults. 54 Concurrent validity of the narrow walk test has been established based on moderate to strong correlations with other measures of physical performance, such as gait speed and the 400-m corridor walk, in a sample of older adults. 55 Obstacle walk test. As previously described by Bandinelli et al, 54 participants were asked to walk a 7-m course at their usual walking pace and step over 2 obstacles of different heights. One obstacle was 6 cm tall and positioned 2 m from the starting line, and the other obstacle was 30 cm tall and positioned 4 m from the starting line. The time taken to complete this task was recorded. The obstacle walk test has shown to be a † E.Q. Inc, PO Box 16, Chalfont, PA 18914-0016.
Association of Body Mass Index With Measures of Balance and Mobility
reliable measure (ICCϭ.89) in older adults. 54 Three licensed physical therapists and one research assistant with extensive experience in geriatric research were responsible for data collection, including measurement of height and weight, as well as administration of the battery of balance and mobility tests. All testers received training in conducting the measurements and were blinded to the purposes of the study but not to study outcomes. Participants' BMIs were calculated after data collection was completed.
Additional Information
Demographics. Data were collected on the following demographic factors: age, sex, ethnicity, and education level.
Comorbidities Index. This measure is a self-report of common physician-diagnosed medical conditions, including cardiovascular disease (angina, congestive heart failure, or heart attack), neurologic conditions (stroke or Parkinson disease), lung disease, musculoskeletal conditions (arthritis, osteoporosis, fracture, or joint replacement), general conditions (depression, sleep problems, or chronic pain syndrome), cancer, diabetes, or visual conditions (glaucoma or cataracts). 56 For each medical condition, participants were asked whether they had ever been told by a physician that they had the condition. The number of affirmative responses was summed to yield a total score.
Fall history questionnaire. Participants were asked to respond to the following questions: (1) Are you afraid of falling? and (2) Have you had a fall in the previous year? Responses to the questions were recorded as "yes" or "no." 
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Physical activity habits. During administration of the Survey of Activities and Fear of Falling in the Elderly, 57 participants were asked whether they currently walk for exercise. Because walking is the most common form of exercise for older adults, 58 those who responded affirmatively to the question were considered to be more physically active than those who responded negatively.
Data Analysis
Individuals were classified as being of normal weight, overweight, moderately obese, or severely obese based on their BMI. For continuous data, descriptive statistics are presented as means and standard deviations, and categorical data are presented as frequencies (percentages). Mobility and balance were compared among weight groups using analysis of variance (ANOVA). Post hoc pairwise comparisons were conducted for continuous data. Chi-square analyses were conducted for categorical data. One-tailed tests were used because there was a directional hypothesis that mobility and balance would be poorer as BMI increased.
Multiple linear regression analysis was used to examine the association between BMI and mobility and balance during standing and walking while controlling for age, sex, minority status, education level, physical activity level, and number of comorbid conditions. 2 ). The mean age of the participants was 77.6 years (SDϭ5.9). There were more women (72%) in our sample than men, and most participants classified their race as white (87%). Several characteristics of the participants were associated with higher BMI levels. Individuals with higher BMI levels were more likely to be black or Hispanic and less likely to report walking for exercise compared with the normal weight group (PՅ.05). There were no differences among weight groups in the total number of comorbid health conditions reported. However, compared with the other weight groups, those who were moderately obese were more likely to report having lung disorders (Pϭ.005). There were no differences in the number of falls or fear of falling among weight groups.
The Figure illustrates self-reported global mobility and balance ratings stratified by weight group. Compared with participants who were of normal weight and those who were overweight, those with moderate and severe obesity were less likely to report their mobility as very good or excellent (52%, 55%, 39%, and 6%, respectively; Pϭ.005). There were no differences in self-reported ratings of balance among weight groups. Table 2 provides a description of performance-based mobility and balance measures stratified by weight group. Participants with severe obesity (nϭ17) had the lowest levels of mobility on the performance-based measures, followed by those who ‡ SAS Institute Inc, 100 SAS Campus Dr, Cary, NC 27513-2414.
Figure.
Global rating of mobility and balance as excellent or very good, stratified by weight group. Asterisk indicates Pϭ.005.
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were moderately obese (nϭ31), overweight (nϭ42), and of normal weight (nϭ29). Higher BMI category was not associated with differences in balance. For the mobility measures, post hoc pair-wise comparisons revealed that individuals who were of normal weight and those who were overweight were similar in performance; however, individuals with obesity performed more poorly compared with the other weight groups. Table 3 provides the results for the percentage of participants who were able to complete the performancebased measures of balance. Compared with those who were overweight and those who were of normal weight, a trend was observed with a greater percentage of participants with moderate and severe obesity unable to complete the unilateral stance test (Pϭ.10). 
Discussion
When examining balance and mobility across weight groups in community-dwelling older adults, there were more differences in mobility than in balance. Individuals who were classified as being of normal weight and those classified as overweight were similar in mobility, but individuals with moderate obesity and those with severe obesity demonstrated consistently lower performance than the other groups. The observed relationship between BMI and poor mobility suggests that mobility in older adults is impaired at all levels of obesity.
In our study, self-report of mobility, but not balance, was different for participants with obesity. Individuals who were of normal weight and those who were overweight had a similar perception of mobility. Although self-reported mobility declined for participants who were moderately obese, those with more severe obesity were much less likely to report mobility as very good or excellent. The finding of more frequent self-reported mobility limitation in individuals with obesity is consistent with the findings of previous studies in older adults. 10,14, 59 In a study of 6,981 older men and women, LaCroix et al 14 found that there was a strong association between loss of mobility and high BMI levels. Launer et al 10 examined the association between BMI and self-reported mobility disability in the NHANES I Epidemiological Follow-up Study and found that BMI was related to mobility disability in community-dwelling older women; specifically, individuals in the high tertile for BMI had greater risk of impairment compared with those in the low tertile for BMI.
Higher BMI levels were associated with poorer mobility on performancebased measures. Thus, our participants' self-reports of poor mobility were consistent with the findings on the performance-based measures. We found that mobility worsened with increased BMI level; however, post hoc pair-wise comparisons revealed the groups with moderate and severe obesity differed from the other weight groups on most of the measures.
In our sample, only the normal weight group achieved a desirable gait speed (Ն1.2 m/s) based on a previous study in older adults. 60 For participants who were overweight and those who were obese, the mean gait speed was Ͻ1.2 m/s, which may have implications for these individuals to function successfully in the community. For example, in order to safely negotiate through a traffic intersection, an individual must be able to walk at a speed of 1.2 m/s. 61 Furthermore, the gait speeds found in the participants classified as moderately or severely obese (1.0 and 0.86 m/s) are not just indicative of impaired functioning, but also have been found to be associated with higher risk for adverse health events, including nursing home admission, falls, and disability. 60, 62 These findings underscore the detrimental impact that excess weight has on mobility in older adults, even in those with less severe obesity.
Higher BMI levels were not associated with poorer performance on measures of balance during standing, which is consistent with participants' self-reported balance. This finding was not surprising given that there were no differences in fall history among the weight groups; however, our findings differ from those of previous studies that demonstrated more postural instability 38 and greater risk of falls in individuals with obesity. 63 Although increased BMI in older adults may influence balance, other factors associated with aging also may contribute to postural instability. These factors include sarcopenia, defined as the 
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age-related loss of skeletal muscle mass and strength (force-generating capacity) 64 ; changes in body fat distribution, specifically an increase in visceral abdominal fat and a decrease in subcutaneous fat 65 ; and a decline in the quality of skeletal muscle. 66 It is plausible that changes in skeletal muscle and body fat distribution may be related more to postural instability than to BMI alone, which may explain the lack of a stronger relationship between balance and BMI in the current study.
Although not statistically significant, differences in static balance among weight groups may be clinical meaningful. For example, individuals who were of normal weight and those who were overweight had similar performance on the unilateral stance test (10.6 and 10.1 seconds, respectively) compared with individuals with moderate obesity and those with severe obesity, who had poorer performance on the unilateral stance test (6.2 and 6.4 seconds, respectively). A previous study of falls in older adults who were obese showed no difference in performance on standing balance tests in individuals with obesity compared with those of normal weight; however, in contrast to our study, individuals with obesity reported a higher prevalence of falls. 63 Interestingly, all measures of balance were static, and no measures of balance during walking were included. Further investigation of the impact of obesity on balance in older adults is warranted and should take into account skeletal muscle mass, strength, and body fat distribution.
A greater number of individuals with moderate obesity and severe obesity were unable to complete the performance-based measures of balance compared with those who were of normal weight and those who were overweight. Lack of completion of balance measures in participants with higher BMI was related to inability to assume the test positions (eg, tandem stance) and difficulty performing certain movements (eg, narrow walk test). Thus, had all participants with obesity been able to complete the balance measures, our results may have differed. These findings reinforce the need for the identification of balance measures most appropriate for use in individuals with higher BMIs, specifically those that incorporate balance during dynamic activities and those that allow individuals with differing body sizes to assume the position required for the test.
Obesity is associated with increased burden of chronic disease and decreased physical activity level, both of which have been shown to negatively affect mobility. 14, 67, 68 In the current study, individuals with obesity were more likely to have lung disorders and were less likely to engage in physical activity compared with those who were overweight and those of normal weight. The association between BMI and mobility was partially explained by these factors; however, the data suggest that even after adjusting for many potential confounding factors, BMI still was independently related to mobility.
The recommendation for weight loss in older adults is controversial because there is a risk of accelerating the age-related decline in lean mass and bone density, thereby leading to poorer physical function. 69, 70 However, interventions that facilitate weight loss through diet and exercise have been shown to improve mobility, balance, and health-related quality of life in older adults. 31, [71] [72] [73] Villareal et al 8 suggested that weight loss programs for older adults include strategies to minimize muscle and bone loss and should include the adoption of resistance exercise and regular physical activity. This recommendation should be taken into account by physical therapists who are frequently involved in exercise prescription for older adults with obesity.
There are several limitations to the current study. First, the results of the study may not apply to the general community-dwelling older population because our sample was a volunteer sample of predominantly white women. Furthermore, there were unequal numbers of participants in each weight group, and not all participants were able to complete the physical performance tests. Individuals in the moderately and severely obese categories had the lowest completion rates compared with those in the normal weight or overweight categories. Our results might have differed had there been equal numbers of participants in the weight groups and had completion rates been higher across the weight groups. Several testers were responsible for data collection in this study, which could have influenced the differences among the weight groups. However, we believe this potential limitation is unlikely in that participant assignment to testers was completely random and all testers evaluated participants from each of the BMI groupings. In addition, although not established in our study, the interrater reliability of many of the measures that we used has been established in other studies and is quite good.
An additional limitation of the current study was the use of the BMI as an indicator of body size. Older individuals typically have less lean mass and more fat mass than younger adults, and as a result, the BMI may underestimate body fat in these individuals. 74 Furthermore, there is debate about whether the fat redistribution and relative loss of fat-free mass that occur with aging may exert more influence than the BMI in
determining health risks associated with obesity in older adults. 75 More sophisticated measures of total body fat are available, including dualenergy x-ray absorptiometry (DXA) and electron beam computed tomography (EBT). Even so, prior research has shown a strong relationship between BMI and total body fat determined by EBT in older women (rϭ.89, PϽ.0001), suggesting that BMI may be an acceptable initial screening tool in the clinical setting. 76 In addition, DXA and EBT may not be practical measures of total body fat in the clinical setting because these tests are more timeconsuming, require more complex training, and are expensive to use. We recognize the limitations of the BMI; however, in the absence of a more suitable measure, the use of the BMI may provide an opportunity for physical therapists to incorporate health promotion into clinical practice. When utilizing the BMI, care should be taken to interpret results along with assessment of regional fat distribution as well as visual inspection of fat and muscle mass to decrease risk of misclassification of body size.
Conclusion
This study used a comprehensive battery of self-report and performance-based measures to characterize mobility and balance in older adults who were of normal weight, overweight, moderately obese, and severely obese. Higher BMI levels were associated with poorer mobility but not balance. Furthermore, individuals classified as being of normal weight and those classified as overweight were similar in mobility, whereas individuals with obesity had greater impairments in mobility. Although those participants with severe obesity (BMIՆ35 kg/m 2 ) were most impaired, older adults with less severe obesity (BMIϭ30 -34.9 kg/m 2 ) also demonstrated significant decrements in mobility. Body mass index should be considered when selecting measures of mobility and balance because older adults with obesity may be unable to achieve the position for some tests. When treating older adults with obesity, physical therapists are in a unique position to prescribe exercise to address associated medical complications as well as the functional consequences of obesity. 
